Abstract The assessment of surface water in Koudiat Medouar watershed is very important especially when it comes to pollution of the dam waters by discharges of wastewater from neighboring towns in Oued Timgad, who poured into the basin of the dam, and agricultural lands located along the Oued Reboa. To this end, the multivariable method was used to evaluate the spatial and temporal variation of the water surface quality of the Koudiat Medouar dam, eastern Algeria. The stiff diagram has identified two main hydrochemical facies. The first facies Mg-HCO 3 is reflected in the first sampling station (Oued Reboa) and in the second one (Oued Timgad), while the second facies Mg-SO 4 is reflected in the third station (Basin Dam). The results obtained by the analysis of variance show that in the three stations all parameters are significant, except for Na, K and HCO 3 in the first station (Oued Reboa) and the EC in the second station (Oued Timgad) and at the end NO 3 and pH in the third station (Basin Dam). Q-mode hierarchical cluster analysis showed that two main groups in each sampling station. The chemistry of major ions (Mg, Ca, HCO 3 and SO 4 ) within the three stations results from anthropogenic impacts and water-rock interaction sources.
Introduction
Water is very vital for nature and can be a limiting resource to human and other living beings. Water of adequate quantity and quality is required to meet growing household, industrial, and agricultural needs (Azaza et al. 2011) . In water resources management, the quality of surface waters has recently became as significant as their quantity since the former directly affects the amount of water that can be used for various purposes such as drinking, agricultural, recreational and industrial uses etc. Water quality assessment encompasses monitoring, data evaluation, reporting, and dissemination of the condition of the aquatic environment. Major objectives of water quality assessment are describing water quality at regional or national scales, investigating spatial-temporal trends and determining if the water quality meets previously defined objectives for designated uses etc. (World Bank 2003; Ouyang 2005) .
Long-term ambient water quality monitoring provides historical database that can be used by the institutions at all levels of society to evaluate water quality (Yake 1979) . Multivariate analysis aiming to interpret the governing processes through data reduction and classification is recognized as powerful tool to deal with the increasing number of hydrochemical parameters. They have been effectively and widely applied to assessment of surface water quality (Yidana et al. 2008 (Yidana et al. , 2010 , evaluation of the hydrogeochemical characteristic of groundwater and identification of groundwater contaminations (Kim et al. 2009 ).
The objective of this study is to evaluate the water quality in surface water samples from the Koudiat Medouar watershed. The results obtained from the analysis were subjected to multivariate statistical methods such as cluster analysis (CA) and analysis of variance (ANOVA) to assess
Hydraulics Department, Institute of Civil Engineering, Hydraulic and Architecture, University of Hadj Lakhdar Batna, Batna, Algeria e-mail: tiri_ammar@yahoo.fr the information on the similarities and differences existing between the various sampling stations, to identify quality variables water for spatio-temporal dissimilarity and to determine the influence of pollution sources on surface water quality parameters.
Study area
Koudiat Medouar watershed is located in the northeastern part of the Batna city in eastern Algeria (Fig. 1) . The catchment area is 590 km 2 , controlled by a dam of the same name with a capacity of 62 million m 3 . Koudiat Medouar watershed is subjected to a semi-arid climate, characterized by a cold and wet winter, a warm and dry summer, and rainfall between 300 and 450 mm per year. The extreme is marked by a climate known as mountain climate with abundant rainfall (over 600 mm per year), especially in spring and late fall (Tiri 2010) . It is sometimes characterized by violent storms. Generally the regional rainfall exhibits three maxima during the year: January, May and November. The annual average temperature is between 12 and 13°C, with January as the coldest month and August as the hottest month (average between 26 and 34°C). The mountain is constituted by the hills of Asker (1,833 m), Rass Errih (1,916 m), El Mahmel (2,231 m), to the east the peaks of Djebels Timagoult (1,875 m), Lizoures (1,746 m) and Jebel ASLEF (1,606 m). Northwest of the basin, the watershed line is formed by the mountains of Bouarif that stretch southwest to northeast along the general direction of Fig. 1 Map shows the geology of the study area and the water sampling the Saharian Atlas and has a maximum altitude of 1,746 m while Jebel Tagratine forms only small archipelago that rises 1,375 m at its highest point. The foothills are the translation zone between the mountain and the plain. It stretches from west to east at the southern foot of Jebel Bouarif and at the northwest as the hills, formed by colluvial deposits, slopes down towards the plain in an attenuated manner (Vila 1980) . The altitude varies between 1,200 and 1,400 m. In addition to these hills, the basin is characterized by a series of glaze in the form of small monoclinal reliefs. The foothills zone is mostly agricultural. The plain, which indicates a flat area with slightly marked relief, occupies most of the basin and extends north and east of the foothills. It is bounded by the contour lines of 1,200 m and 900 m (Tiri 2010) . Accumulated deposits on this plain are composed of sand, gravel and silt sediment load resulting from the sediment of Oued. This land is used for agricultural activities.
Materials and methods

Sample collection and analysis
Samples were collected in new polyethylene bottles of 1/l capacity. Sampling was carried out directly without adding any preservatives in clean bottles to avoid any contamination. Sampling was performed for 42 samples (from June 2010 to February 2011) in the three stations (station 1: Oued Reboa, station 2: Timgad and station 3: basin dam) (Fig. 1) . Only high pure chemicals (AnalR Grade) and double distilled water were used for preparing solutions for analysis. Physical parameters like temperature (T), pH and electrical conductivity (EC) were determined at the site with the help of digital portable water analyzer kit (Model No.: CENTURY-CK-710), and measured in situ. Subsequently, the samples were analyzed in the laboratory and the chemical constituents such as calcium (Ca), magnesium (Mg), sodium (Na), potassium (K), chloride (Cl), bicarbonate (HCO 3 ), sulfate (SO 4 ) and nitrate (NO 3 ) were determined. Calcium (Ca), magnesium (Mg), bicarbonate (HCO 3 ), and chloride (Cl) were analyzed by volumetric titrations. Concentrations of calcium (Ca) and magnesium (Mg) were estimated titrimetrically using 0.05 MEDTA and those of bicarbonate (HCO 3 ) and chloride (Cl) by H 2 SO 4 and AgNO 3 titration, respectively. Concentrations of sodium (Na) and potassium (K) were measured using a flam photometer (Systronics Flame Photometer 128). The sulfate (SO 4 ) was determined by the turbidimetric method. The concentration of nitrite (NO 3 ) was analyzed by colorimetry with a UV-Visible spectrophotometer using the spectroscan 60 DV model. The physico-chemical parameters of the analytical results of surface water were (Rodier 1996) .
Analysis of variance
Analysis of variance (ANOVA) was used to classify and test the significance (p \ 0.05, least-significance difference, LSD) of the temporal variation of the parameters as a function of time. Relationships among the considered variables were tested using Pearson's coefficient as a nonparametric measure with statistical significance set priori at p \ 0.05 (Li et al. 2008; Alkarkhi et al. 2008) . In this analysis, the difference between 2 sample means is tested for significance. In ANOVA, the differences between means of more than 2 samples are tested for significance (Snedecor and Cochran 1989) . This is done by examining the variation within the whole groups of sample means. It consists of a comparison between two estimations of the overall variation (the complete set of measurements included in the analyses). The first estimation, based on the treatment variance. The second, based on the variance of the individual measurements according to their treatment means, is called error variance. If the null hypothesis is true, the ratio of these estimations would approximate 1. If, on the other hand, the sample means estimations differ from the population or group means then the ratio would Na + K Cl Fig. 2 A stiff diagram of the water samples of the study area exceed 1. In practice, this ratio is computed as F and the level of probability to obtain such ratio is determined if the null hypothesis were to be true (Subhashini and Arumugam 1981) .
Basin dam
Hierarchical cluster analysis
The hierarchical cluster analysis allows the use of a mathematical description of the similarity to group a number of measures into the same sample or between the different samples. Euclidean distance (straight line distance between two points in c-dimensional space defined by variables c), angle or the products of the two vectors point in n dimensions representing a set of n measurements may be used in this analysis. Several studies used this technique to successfully classify the water samples and determine if the samples can be grouped into statistically distinct hydrochemical groups that could be important in the geological context (Alther 1979; Williams 1982; Farnham et al. 2000; Alberto et al. 2001; Meng and Maynard 2001; Belkhiri et al. 2010; Tiri 2010) . In this study a Q-mode hierarchical cluster analysis (HCA) was applied to classify samples according to their parameters. The similarity measurement, together with Ward's method for linkage (Ward 1963) , produces the most distinctive groups where each member within the group is more similar to its fellow members than to any member outside the group (Güler et al. 2002; Belkhiri et al. 2010 ).
All the determined hydrochemical variables (EC, pH, T, Ca, Mg, Na, K, Cl, SO 4 , HCO 3 and NO 3 ) were utilized in this statistical analysis. Hydrochemical results of all samples were statistically analyzed by the software STATIS-TICA Ò (1998). (2011) . In the same way that occurs in polluted water, nitrates are the final product of aerobic stabilization of organic nitrogen and also a product of nitrogenous materiel conversion. The trace of nitrites in all samples is below the limit recommended by WHO (2011) (50 mg/l) for drinking water. The concentrations vary from 0.2 to 3.6 mg/l at the three stations. All water samples presented nitrate contents which are lower than desirable limit. The plot of the samples on the stiff diagram shows that two facies are recognized in the surface water of Koudiat Medouar. Station 1 (Oued Reboa) and station 2 (Oued Timgad) are represented by Mg-HCO 3 facies, whereas Mg-SO 4 facies represents the third station (Fig. 2) .
Results and discussion
General hydrochemistry
Variation of parameters
The ANOVA results presented in Table 3 indicate that all the parameters are significant except for Na, K and HCO 3 in the first station and EC in the second, also pH and NO 3 in the last station (p [ 0.05).
Q-mode hierarchical cluster analysis (HCA) Two-step groups have been recognized in each station (Fig. 3) . Electrical conductivity seems to be a major distinguishing factor with increasing concentrations in all major ions following order: group 1 and group 2 (Table 4 ). In the first station (Oued Reboa), the first group, includes water collected in August, October and November, has low salinity (mean EC = 581 lS/cm) and abundance orders and HCO 3 [ SO 4 [ Cl [ NO 3 (Table 4 ). For the second group, which includes water samples collected on June, July, December, January and February, the mean value of EC is 702 lS/cm and greater than that of the first group. The cation composition is dominated by Mg and Ca, with anion composition varying from dominantly HCO 3 to dominantly SO 4 plus Cl (Table 4) . These waters are classified as HCO 3 -alkaline earth water type. Most of the HCO 3 , whose mean concentration in the two groups is 254.7 mg/l and 280.77, respectively, is probably derived from carbonate precipitation.
In the second station (Oued Timgad), the group 1 includes water samples which were collected on June, January and February. This type of water is relatively fresh with a mean EC value of 901 lS/cm. The order of abundance of major ions is Mg [ Ca [ Na [ K and HCO 3 [ Cl [ SO 4 [ NO 3 (Table 4 ). The group 2 includes water samples which were collected on June, July, October, November and December. The order of abundance of major ions in this group is Mg [ Na [ Ca [ K and (Table 4 ). EC (mean 1,347 lS/ cm) is significantly greater than that of group 1. In the last station (Basin Dam), the first group encloses water samples collected on August, October, November, December, January and February. This type of water is relatively fresh with a mean EC value of 596 lS/cm. For the second group, which includes water samples collected on June, July and October, the mean value of electrical conductivity is 730 lS/cm. In the two groups, the cation composition is dominated by Mg and Ca, with anion composition varying from dominantly SO 4 to dominantly HCO 3 plus Cl (Table 4) .
Sources of solutes in the surface water
The geochemical variations in the ionic concentrations in the surface water can easily be understood when they are plotted along an X-Y coordinate. Results from the chemical analyses were used to identify the geochemical processes and mechanisms in the surface water aquifer.
The percentage of HCO 3 and SO 4 in surface waters reflects the dominance of two major sources of protons that is carbonization and sulfide oxidation. Figure 4 shows that most of the surface water samples contain a significant amount of HCO 3 and plotted dots cluster alkalinity towards the apex with secondary trends towards SO 4 . The cation diagram (Fig. 4) relating Ca ? Mg and (Na ? K) shows that in the majority of samples, contribution of alkaline earths (Ca ? Mg) exceeds alkalies (Na ? K). Figure 5 shows that all samples in Oued Reboa, Oued Timgad, and Basin dam have a ratio lower than 1, indicating the dissolution of dolomite. The study of the ratio Ca/Mg in the surface waters confirms the dissolution of calcite and dolomite that are present in the study area. In other words if the ratio Ca/Mg = 1, the dissolution of dolomite occurs while a higher ratio is indicative of a greater contribution of calcite (Maya and Loucks 1995) . Higher molar ratio of Ca/Mg ([2) indicates that the silicate mineral dissolution contributes in the presence of calcium and magnesium in water (Katz et al. 1998) . The bicarbonates are derived mainly from the CO 2 soil zone and weathering of parent minerals. The soil zone in the subsurface contains elevated CO 2 pressure (produced by decay of organic matter and root respiration), which in turn combines with rainwater to form bicarbonate (Drever 1988) . Bicarbonate may also be derived from the dissolution of carbonates and/or silicate minerals. Sulfate in aquatic systems is derived from the anthropogenic sources because the area is associated with agriculture for more than 80 % of its area and SO 4 is also a major constituent of fertilizers (Pacheco and Szocs 2006) . The relative high ratio of HCO 3 /(HCO 3 ? SO 4 ) in most of the surface water ([0.5) (Fig. 5) signified that carbonic acid weathering was proton producer in these waters (Pandey et al. 2001) .
The observed low ratio of (Ca ? Mg)/(Na ? K) and relatively high contribution of alkaline earths towards the total cations suggest that coupled reactions involving carbonate, silicate weathering and anthropogenic inputs control the solute acquisition process (Figs. 6, 7) . Fig. 4 The ternary anioncation diagram of the water samples collected from the area studied 
Conclusions
In this study, selected statistical methods such as hierarchical cluster analysis (HCA) and analysis of variance (ANOVA) were used to determine the spatio-temporal variations of hydrochemical elements and to identify the origin of these elements in surface water of Koudiat Medouar, East Algeria. The overall evaluation during the study period showed that the surface water in the area is alkaline in nature. Higher EC concentration in surface water was observed in the sampling station 2. The ANOVA results indicate that all of the parameters are significant except for Na, K and HCO 3 in the first station and EC in the second, also pH and NO 3 in the last station (p [ 0.05). The major ion chemistry (Mg, Ca, HCO 3 and SO 4 ) in the three stations is derived from the anthropogenic sources and the water-rock interaction.
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